The apparent partial specific volume, 4, of a protein (or other macromolecule) and the absolute concentration, c, can be determined from the densimetry of solutions and diffusates in IH20, 2H20 and 1H20/2H20 mixtures if the ratios of concentrations (relative concentrations) are known. The densimetry method allows a non-destructive check on total macromolecule concentrations without prior knowledge of specific u.v.-absorption coefficient. The method neutron-scattering studies.
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The apparent partial specific volume, q5,* of a protein (or other macromolecule) is needed for a number of physico-chemical techniques such as analytical ultracentrifugation, photon correlation spectroscopy, small-angle scattering of X-rays and neutrons, etc. It can be determined by densimetry of solutions (Kratky et al., 1973) if the protein concentration is known. However, concentration determination by dry mass can be difficult with labile proteins (McKenzie & Murphy, 1970) , and u.v. spectrophotometry is uncertain with systems (e.g. casein micelles) containing interacting mixtures of proteins with different specific absorption coefficients. The densimetry method (described below) permits simultaneous determination of apparent partial specific volume, absolute macromolecule concentration, and hence specific u.v.-absorption coefficient. The densimetry method and the method of obtaining 4 by analytical ultracentrifugation in 1H2O and 2H20 solvents (Edelstein & Schachman, 1967 both depend on the principle of varying the buoyant density of the macromolecule by varying the density of the solvent. The densimetry method is applicable to polydisperse association-dissociation systems (e.g. casein micelles) that are difficult to treat by the ultracentrifuge method (Edelstein & Schachman, 1973 ).
* The symbol 4 is used, rather than v, because reference is made to Casassa & Eisenberg (1964) , a paper in which several definitions of partial specific volume are given.
may be especially useful in small-angle
Theory
The apparent partial specific volume, 4, of a solute is given by (Casassa & Eisenberg, 1964) :
where c is the solute concentration and p and p' are the solvent and solution densities respectively. Consider a non-diffusible solute (e.g. a protein), at concentration c, in a solution at dialysis equilibrium with a solvent containing only diffusible species. The density difference (p'-p) is attributed to the protein (neglecting any redistribution of ions across the dialysis membrane), and so the partial specific volume obtained is that termed 4' by Casassa & Eisenberg (1964 (4), (5) and (6):
For brevity, use 4 in place of 01. If H is already known, either from using an assumed average value (Edelstein & Schachman, 1967 , or by calculation from the amino acid sequence, then m and 4 can be determined by simultaneously solving any two of eqns. (4)-(6). Hence, from eqns. (4) and (6): (4) where G = A1/A3. For a lOmg/ml protein solution, an error of +1Ojg/ml in (pi-pi) gives an error of 0.003ml/g in 4. The required precision of density measurement varies inversely as concentration.
If p3f--1/4 (e.g. for 2M-CsCl in 2H20) then (p'3 -p3)O0. Hence the terms in A1/A3 in eqns. (7) and (8) 
To minimize the effect of errors in densimetry, (P3 -P) should be as large as possible and 
Now AI/A3 = cI/c3, so only the ratio of the concentrations need be known in order to determine 4, cl and c3. Concentrations determined are absolute in that they are not referred to a secondary standard. The values of ci and 4 obtained are not sensitive to systematic errors in calibration of wavelength scale or absorbance scale of the spectrophotometer (as concentration ratios close to unity are used), in contrast with values of ci obtained in the usual way, using literature values of absorptivity. An H-value of 0.0155 is often used for proteins in 2H20 (Edelstein & Schachman, 1967 Partial specific volume and absolute concentration 0.469 and 0.988 respectively. pH (or p2H) of all solvents was 6.7 (Covington et al., 1968) . Densities of all solutions and diffusates were measured at 20.08°C with a Paar digital density meter (Kratky et al., 1973) , type DMA 60 (Anton Paar KG, Graz, Austria) by using a pair of matched cells, type DMA 602, in the PLL mode. These cells require 0.7ml of sample, but smaller cells are available. Solutions and diffusates were exposed to the air for the minimum possible time between the end of dialysis and injection into the density meter.
Densities were reproducible to +2pg/ml. U.V. absorbance of solutions was measured (with appropriate corrections) at 280nm on a PerkinElmer type 552 double-beam spectrophotometer. Protein concentrations were all in the range 8-lOmg/ml. Samples for spectrophotometry were diluted with lOmM-NaOH/lOmM-EDTA in 1H20, with volumes measured by micropipette or by weighing as shown in Table 1 . High dilution factors minimized the effect of small differences in u.v. absorbance between proteins in 1H20 and 2H20.
(b) Results (see Table 1 (Whitney et al., 1976) for 100% exchange of labile protons (Jacrot, 1976) (Thompson & Pepper, 1964) . The A 1/m value obtained for a,, -casein is lower than the literature value (Thompson & Kiddy, 1964) , which may be a result of the pH at which u.v. absorbance was measured. The method has clearly given an accurate concentration, otherwise 4 would have been in error. This illustrates the point that the method is not invalidated by conditions of pH, spectrophotometer calibration etc. that differ from those used to obtain specific absorption coefficients in the literature.
Discussion
It is clear that a rapid method of measuring density to high precision is required, e.g. the mechanical-oscillator method (Kratky et al., 1973) . If H is unknown, then c, 4 and H can in principle be determined, but concentration ratios must in general be known to very high accuracy (-0.1%) unless P2 1/4), when somewhat lower accuracy will suffice.
If H is known or can be assumed, then the determination of 4 and c from densimetry and concentration ratios is a practical possibility. In the special case that 4 and c are required for a protein in a solvent (e.g. 2-3M-CsCl) for which p 1/4), then the method should give very good results. In small-angle neutron-scattering (s.a.n.s.) studies, accurate values of c and 4 are often required (Jacrot, 1976 (Casassa & Eisenberg, 1964) . If the concentration of diffusible solute is high and the non-diffusible species binds it preferentially, then the c and 4 values obtained will be those of the complex of the two species. If the non-diffusible phase is a mixture of species (e.g. minerals and different caseins within a casein-micelle system), then the total dry concentration and a weight-average value of 4 are obtained.
Relatively concentrated (7 mg/ml) solutions are required for the combined determination of c and 4. However, after the concentration proportionality constant m (eqn. 3) has been determined, 4 can be determined with more dilute solutions by conventional densimetry (Kratky et al., 1973) .
The minimum volume of 2H20 required in total is less than 50 ml. Solutions and diffusates in 2H2O can contain up to approx. 10% 1H20 and so diffusates from previous dialysis may be used as solvents to reduce cost. The discussion has been confined to proteins in aqueous solution, but the principle might be applied to other systems of membrane, non-diffusible solute and solvent, whose density can be considerably changed by isotopic substitution. The concentration ratios for a colloid could be obtained from turbidity measurements, provided that Beer's Law holds and that the colloid size distribution is the same in 1H20 and 2H20. This would extend the densimetry method to colloidal suspensions with no u.v. absorbance. This work was supported by the Agriculture and Food Research Council of Great Britain.
